Objective: This study aimed to determine the efficacy of flexible pole training combined with lumbar stabilization in improving trunk muscle activities and to investigate the difference according to posture in young adults. Methods: Twenty-five participants were enrolled in this study. The subjects were randomly allocated into either the flexible pole group or the rigid pole group. Participants performed lumbar stabilization exercises on quadruped and curl-up, with the flexible pole or rigid pole. Electromyography was used to assess the percent maximal voluntary isometric contracion (%MVIC) of the rectus abdominis (RA), external oblique (EO), internal oblique (IO), and erector spine (ES) muscles. All participants completed one 30-minute session per day, 3 days per week, for 6 weeks. The evaluation was performed before and 6 weeks after the training, and follow-up. The data were analyzed using independent t-test and two-way repeated measure analysis of variance to determine the statistical significance.
INTRODUCTION
Lumbar spine stability is maintained through the interconnected actions of active (muscles), passive (bones), and neural systems. 1 Stability of the trunk depends on the coordinated activity of many trunk muscles. The front, back, and side muscles of the spine cooperate to ensure the stability in various load conditions. 2 The stable production and strong contractility in instantaneous position and velocity imposed on the spine are based on trunk stability. 3 Stabilization exercise can activate more trunk muscle concurrently, and the load should be applied to the appropriate load specifically on the spine. Stabilizing the muscle groups of the body integrates global, and local muscles. 4 The global muscles include the rectus abdominis (RA), external oblique (EO), and internal oblique (IO). The local muscles includes more deep trunk muscles such as the transverse abdominis (TrA), multifidus (MF), and interspinalis. The small muscles are effective in controlling the stiffness of the spinal segment and in maintaining the posture of the spine. 1 Trunk stabilization exercises are considered to be important. 5 As a part of trunk stabilization training, swiss ball exercises on an unstable surface, 6 core exercises, 7 curl-up exercise, 8 and the Pilates exercise 9 has been introduced in the literature. Although there have been several randomized controlled trials on the usefulness of traditional trunk exercises, 10 selective training of stabilizing trunk muscles has been increasingly gaining attention. In recent years, flexible pole exercises using vibration stimulation have commonly have been used to improve body strength and improve coordination and balance skills in various fitness centers and rehabilitation institutions.
However, none of these studies reported a comparison of the effect of trunk muscle activation about training effect between lumbar stabilization exercise using the flexible pole and lumbar stabilization exercise using the rigid pole. Accordingly, the purpose of this study was to compare the trunk muscle activation between flexible pole and rigid pole exercise in order to evaluate whether flexible pole exercise is more effective at muscle activation in healthy adults.
The second purpose of this study was to examine whether flexible pole training in accordance with the lumbar stabilization posture has the potential to be useful in the improvement of specific muscles during rehabilitation.
METHODS

Subjects
Twenty-five healthy university students were recruited for this study.
The general characteristics of the subjects were as follow. The mean age, height, and weight were 20.5±1.1 years, 167.4 ± 0.1 cm, and 63.8 ±14.9 kg in the flexible pole group (n =13), and 20.8 ±1.1 years, 168.6 ± 0.1 cm, and 68.8±15.6 kg in the rigid pole group (n =12), respectively.
This present study was a single blind randomized controlled trial.
Participants were selected based on the selection criteria of the study. The purpose and method of research were explained in advance and all participants provided informed consent. Experiments were conducted during a 6 weeks period, and subjects were randomly assigned to one of two groups: the rigid group and the flexible pole group. None of the participants had a musculoskeletal abnormality affecting the experiment, and all participants had no a history of surgery, non-regular strength, and ongoing treatment on the shoulder. The study conformed to the standards set by the latest revision of the Declaration of Helsinki.
The sample size was analyzed using the G-power program. The effect size was 0.4, the significance level was 0.05, the power was 80%, the number of groups was 2, and the number of measurement was 3. The minimum number of samples was 22 and the number of subjects included in the subject was 24. The dropout rate was 10% and the total number of participants was 24.
Experimental method 1) Experimental procedures
The exercise program was approximately 40 minutes, in duration per week, which consisted of 3 warm up (4 minutes), main exercise (32 minutes using flexible pole or rigid pole), and cool down (4 minutes), for a total 6 weeks. A follow-up was performed 2 weeks after the completion of the exercise program.
The flexible pole (Togu, Germany) used in this experiment is an exercise tool having weights on the both ends of an elastic bar of with a total weight of 710 g, 1,530 mm in length, and thickness of 9.5 Second, the exercises combined with the flexible pole and rigid pole were performed in curl-up, and quadruped positions ( Table 1 ).
The exercise program was composed of eight modes, and the exercise was carried out with 30 seconds rest in between sessions. The warmup and cool-down consisted of simple stretching exercises. The cyclic motion of the flexible pole and rigid pole was achieved by movements of the arm. We compared the electromyography (EMG) activity of trunk muscles which was normalized by percent maximal voluntary isometric contraction (%MVIC) during the flexible pole oscillation.
A rigid pole, that is non-fleixble pole, was used the length and weight that was set to the same as those of the flexible pole ( Figure 1 ).
2) Measurement method
To measure the changes of trunk muscle activities, surface electro- pretest standard deviation. 22 The significance level was set to α= 0.05. 
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RESULTS
There was a significant difference with regarding the trunk muscle activation between the internal oblique and erector spine muscles in the exercises performed in the quadruped posture (p < 0.05). Moreover, there was a significant difference with respect to trunk muscle activation between the external oblique and internal oblique muscles in the exercises performed in the curl-up position (p < 0.05)( Table 2) .
As a result, interaction of time and groups of all trunk muscles was not significant. As the time yields significant main effects, a re- (Table 3) .
DISCUSSION
The aim of this study was to determine if the flexible pole combined with lumbar stabilization depending on vibration could affect trunk muscle activation (RA, EO, IO, ES) after intervention and to investigate whether the effect of general lumbar stabilizing exercise with fleixbar on muscle activities. EMG was used to investigate the flexible pole effect. EMG is a biological activity of the movement made by the existing motor unit generated during muscle contraction. It is utilized as the most common method in the analysis of biomechanics and motor control. ward activation is caused by lumbar problems. 24 These results were consistent with a previous study that showed that quadruped, standing, and side-bridging positions with a fleixbar was associated with higher IO muscles activation. 19 Goncalves et al. 25 reported that the IO muscles presented a 72% greater muscle activity during the exercises performed with a flexible pole than with a non-flexible pole.
The curl-up exercise with a flexible pole showed a significantly higher IO and EO muscles activation than the curl-up exercise with a rigid pole. Trunk rotator included IO and EO muscles are needed for trunk stability. The curl-up exercise using flexible pole is more effective for trunk stability than the curl-up exercise using rigid pole. This is thought to induce greater trunk rotation since shaking occurs on a horizontal plane, while the flexibar is held in a vertical orientation. Anders et al. 26 argued that could different from muscle activity due to the oscillation direction and plane. The repetition of shaking horizontally while holding the pole vertically was dependent on how one shakes the flexible pole. 27 The curl-up exercise combined with a fleixbar showed a significant improvement in the IO and EO muscles activation. 28 Sánchez-Zuriaga et al. 27 reported that the vertical orientation on the horizontal plane produced the greatest activation levels of the internal oblique and external oblique muscles. Muscle activation from using an oscillating pole were not affected by posture. Mileva et al. 15 reported that the amplitude of electromyography was significantly higher during an exercise using flexible pole than shambar exercise in a 1-leg squat position in healthy adults. In this study, the ES muscle showed a significant difference in quadruped position between the use of flexible pole and rigid pole. This result can be explained through the equilibrium reaction against the continuous vibration stimulus. 28 The trunk muscles activation of both groups was significantly higher after 6 weeks of intervention than pre-test. Especially, RA, IO, and ES muscles were maintained throughout the follow-up, except for EO muscle. This suggests that the flexible pole exercise transmitted 5 Hz vibration in the arm muscles, which was effectively carried from the hand to the arm and trunk muscles. The vibrations transmitted via flexible pole produced cyclical sway, demanding trunk muscle activation to stabilize the body. 25 Vibration transmitted to the belly muscle or tendon by the flexible pole can induce tonic vibration reflex (TVR), which is a sustained contraction of a trunk muscle activation was dependent on surface stability. The exercises increased the swaying movement of the trunk when the body's center of mass was on an unstable surface. When performing the quadruped and curl-up exercises, the activity level of trunk muscles on an unstable surface was greater than that on a stable surface. Exercise postures were performed on a stable surface in our study. It seems that to recruit the activation of as many trunk muscles as possible, unstable posture is necessary. It was previously reported that vibration applied during an unstable squat produced significantly greater muscle EMG amplitudes than during an stable squat. 31 Vera-Garcia et al. 32 reported that there was a greater activation in the rectus abdominis and external oblique by the curl-up exercise on an unstable surface than on a stable surface. Although both groups did not show a significant difference, a comparison of the effect size between the two groups showed that the flexible pole group had higher RA, IO, and ES than the rigid pole group. In order to recruit as many trunk muscles, flexible pole combined with lumbar stabilization may be helpful in improving muscle strength.
A limitation of the present study is the small number of sample size, as it resulted in generalizability difficulties. Although the flexible pole initiates activity-induced vibrations, all subjects did not control the amplitudes of vibration that may affect the trunk muscles activation. This study did not measure the muscle activity in various general trunk exercises. The investigation was performed with healthy adults. Therefore, the question still remains un answered whether the trunk muscles activation can still be evoked in patients with low back pain. Future studies will be needed to further investigate if there are any differences in each posture for people with trunk instability.
